wiiiiiiiiiiiigiiniiiiiiiiiiiiiw 

(n) EP 0 911 759 A2 



(12) EUROPEAN PATENT APPLICATION 



(A 0\ 

(43) 


Date of publication: 


(51) IntCI. 6 : G06T 7/40 




Oft C\A 1QQQ Qnllatin 1 QQQ/1 7 

^o.U4.iyyy Bulletin iyyy/i / 


\£V 


Application number: 98308506.9 




(22) 


Date OT Tiling. 16. i0.i99o 




(84) 


Designated Contracting States: 


• Konstantinides, Konstantinos 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


San Jose, California 95118 (US) 




MC NL PT SE 


• Tretter, Daniel R. 




Designated Extension States: 


Mountain View, California 94040 (US) 




AL LT LV MK RO SI 


• Parry, Andrew 






Sunnyvale, California 94304 (US) 


(30) 


Priority: 23.10.1997 US 956380 








(74) Representative: Jehan, Robert et al 


(71) 


Applicant: Hewlett-Packard Company 


Williams, Powell & Associates, 




Palo Alto, California 94304 (US) 


4 St Paul's Churchyard 






London EC4M 8AY (GB) 


(72) 


Inventors: 




• 


Lin, qian 






Santa Clara, California 95051 (US) 




(54) 


apparatus and a method for reducing red-eye in an image 


(57) 


A red-eye reduction system (10) includes a 


A colour replacing module (18) is then coupled to the 
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pixels of the image and second state areas representing fined colours. The colour replacing module (1 8) also ad- 
other colour pixels of the image. The image (11) includes justs the boundary of the area by changing the colours 
an eye with a red pupil. A pupil locating module (17) is of pixels in close proximity to the area if the colour of 
coupled to the masking module (16) to locate asubstan- these pixels is determined to be sufficiently close to red 
tially first state area in the mask that resembles a pupil. such that natural appearance of the eye is maintained 
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Description 

[0001] The present invention pertains to digital image processing. More particularly, this invention relates to auto- 
matically reducing red-eye in a digital image while maintaining the natural appearance of the eyes. 
5 [0002] As is known, photographing a person in a relatively dark environment requires flashlight to avoid under-ex- 
posure. The use of flashlight, however, often results in a person's eyes being red in the photograph, making the person 
look "spooky" or unnatural in the photograph. This is typically referred to as the "red-eye" phenomenon or simply red- 
eye. 

[0003] The red-eye typically results from the person's pupils not being able to quickly adjust to the flashlight in dark- 
10 ness. As is known, the pupils of a person are enlarged in a dark environment. When flashlight appears, the pupils are 
not able to reduce their sizes due to the suddenness of the flashlight. This typically causes the flashlight reflecting off 
the retina at the back of the eyes, causing red-eye. 

[0004] Several prior art techniques have been proposed to reduce the red-eye effect. A common prior art approach 
is to use multiple flashes in the camera to contract the pupils before a final flash is used to expose and capture the 

is image. However disadvantages are associated with this prior art approach. One disadvantage is the delay between 
the time when the first flashlight appears and the time when the picture is actually taken. This means the picture is 
taken several seconds after the exposure button has been pressed. This may cause confusion and the subjects may 
move away from the posed positions before the image is captured. Moreover, the red-eye problem still occurs when 
the user forgets to enable this feature of the camera during photographing, or when the camera is not equipped with 

20 such red-eye prevention feature. Further, this prior art approach cannot solve the red-eye problem in the already-taken 
photos. 

[0005] With the advance of image processing technologies, it is now possible to digitize an image and store the 
digitized image in a computer system. This is typically done either using a digital camera to capture the image digitally, 
or using a scanner that converts the image into digital form. The digital image includes data representing image pixels 
25 arranged in a matrix. The data of the digital image are then stored in the computer. The digital image can be retrieved 
for display and can also be digitally altered in the computer. 

[0006] Because images can now be captured as or converted into digital images, it is thus possible to correct the 
red-eye problem in an image digitally. Some prior art schemes have been proposed to correct the red-eye problem 
digitally. One such prior art scheme simply provides the user with means for manually painting over the red eyes 
30 digitally. The disadvantage of this prior art scheme is that some kind of painting skill is needed for the user to paint 
over the red eyes. Another disadvantage is that the correction of the red-eye is not done automatically, but rather 
manually. 

[0007] Another prior art approach requires the user to precisely locate the center of a pupil so that a black circle is 
placed over the red-eye region. The disadvantage of this prior art approach is that the red-eye region is often not a 

35 circular region. This may cause portions of the red-eye region not to be covered by the black circle. In addition, the 
black circle may not be able to cover the peripheral area (i.e., the pink ring) of the red-eye region. Moreover, replacing 
the red pupil with a complete black circle may also cover the glint in the pupil. As is known, the glint in the pupil is 
usually a bright "white" spot. Thus, the result of this type of correction is often quite noticeable and undesirable, and 
sometimes destroys the natural appearance of the eyes in the image. 

40 [0008] The present invention seeks to provide an improved red-eye reduction system. 

[0009] According to an aspect of the present invention, there is provided a red-eye reduction system as specified in 
claim 1 . 

[0010] According to another aspect of the present invention, there is provided a method of reducing red-eye effect 
as specified in claim 8. 

45 [0011] Features of the preferred embodiment include to reduce red-eye in a digital image, automatically to reduce 
red-eye in an image with minimal user intervention, to reduce red-eye in an image while preserving the natural appear- 
ance of the eyes and/or to provide a robust and user-friendly arrangement for correcting red-eye. 
[0012] A red-eye reduction system is described which includes a masking module. The masking module converts 
an image into a mask having first state regions representing red color pixels of the image and second state regions 

50 representing other color pixels of the image. The image includes an eye with a red pupil. A pupil locating module is 
coupled to the masking module to locate a substantially first state area in the mask that resembles a pupil. A color 
replacing module is coupled to the pupil locating module to change red color pixels in the area into monochrome (grey) 
or other predefined colors. The color replacing module also adjusts the boundary of the area by changing the colors 
of pixels in close proximity to the area if the color of these pixels is determined to be sufficiently close to red. 

55 [0013] A method of reducing red-eye in a digital image is described. The method includes the step of converting an 
image having an eye with a red pupil into a mask having first state areas representing red color pixels of the image 
and second state areas representing other color pixels of the image. The mask is then processed to locate a substan- 
tially first state area in the mask that resembles a pupil. The method then changes the red color pixels in the area into 
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monochrome (grey) or other predefined colors with boundary adjustments when the color of pixels in close proximity 
to the area is determined to be sufficiently close to red. 

[0014] An embodiment of the present invention is described below, by way of example only, with reference to the 
accompanying drawings, in which: 
5 [001 5] Figure 1 shows a red-eye reduction system that implements one embodiment of the present invention, wherein 
the red-eye reduction system includes a user interface, a masking module, a pupil locating module, and a color replacing 
module. 

[0016] Figure 2 shows the structure of the user interface. 

[0017] Figure 3 shows an image displayed by the user interface with user defined areas that contain red eyes. 
10 [0018] Figure 4 shows the process of the masking module in converting one defined area into a binary mask that 
indicates possible location of the red pupil. 

[0019] Figure 5 is the flow chart illustrating the operation of the masking module. 
[0020] Figures 6 and 7 show how the pupil locating module locates the pupil area within a binary mask. 
[0021] Figure 8 shows the binary mask of Figure 4 after being processed by the pupil locating module. 
is [0022] Figure 9 is the flow chart illustrating the operation of the pupil locating module. 
[0023] Figure 10 is the flow chart showing the operation of the color replacing module. 

[0024] Figure 1 shows an embodiment of red-eye reduction system 10 which reduces or minimizes red-eye in an 
image once the user has marked the area within which a red pupil is located. The red-eye reduction system 10 then 
automatically reduces the red-eye while maintaining the natural appearance of the eye. 

20 [0025] As will be described in more detail below, the red-eye reduction system 10 includes a user interface 15 that 
allows the user of the red-eye reduction system 1 0 to mark or define an area to be processed by the red-eye reduction 
system 10 to reduce the red-eye effect. The area contains a red pupil. In addition, the red-eye reduction system 10 
includes a masking module 16 that converts the marked area containing the red pupil into a binary mask of first state 
(e.g., white) areas and second state (e.g., black) areas. The "white" areas of the binary mask represent the red color 

25 pixels within the marked area of the image. The "black" areas represent other color pixels within the marked area of 
the image. 

[0026] The red-eye reduction system 1 0 also includes a pupil locating module 1 7 that locates a substantially "white" 
area in the binary mask that resembles a pupil. The red-eye reduction system 10 further includes a color replacing 
module 18 that only changes the red color pixels in the area into monochrome (grey) or other predefined colors. This 

30 maintains the glint in the pupil which is typically a bright non-red spot. In addition, the color replacing module 18 also 
adjusts the boundary of the area by changing colors of pixels in close proximity of the area to monochrome (grey) or 
other predefined colors if the color of those pixels is detennined to be sufficiently close red. The red-eye reduction 
system 10 will be described in more detail below, also in conjunction with Figures 1 through 10. 
[0027] The red-eye reduction system 10 can be implemented by software, hardware, or firmware. This means each 

35 of the modules 1 5-1 8 can be implemented by software, hardware, or firmware. In one embodiment, the red-eye reduc- 
tion system 10 is a software application program that is run on a computer system (not shown). The computer system 
that runs the red-eye reduction system 10 can be a personal computer, a mini computer, a workstation computer, a 
notebook computer, a network computer, server computer, or any other data processing system. Alternatively, one or 
more modules of the red-eye reduction system 10 can be implemented by hardware or firmware while others can still 

40 be software modules. 

[0028] Moreover, the red-eye reduction system 10 can be implemented in an imaging system (not shown). The 
imaging system can be an image display system, a scan-to-print system, or simply a computer system having a display. 
The imaging system can also be other type of imaging system. 

[0029] As is shown in Figure 1 , the user interface 15 of the red-eye reduction system 10 is used to display an original 
45 image 11 . The original image 11 has red eyes or red pupils. Figure 3 shows one such image, as an example. As can 
be seen from Figure 3, each of the eyes 35-36 has a pupil (i.e.. pupil 38 or 39) that is red. Figure 3 also shows two 
marked or defined areas 31 and 32. In one embodiment, the marked areas 31 -32 are marked by the user through the 
user interface 15. The marked areas 31-32 will be described in more detail below. 

[0030] As can be seen from Figure 3. each of the marked areas 31-32 is a rectangular region that surrounds a red 
so pupil (e.g., the pupil 38 or 39) which is to be recolored to a neutral dark). It is, however, to be noted that the marked 
area (31 or 32) need not be rectangular, but may be, in general, a polygon or have a curvilinear shape. The rectangular 
shape is shown merely as an example. The image within the marked area (e.g. . the marked area 31 or 32) is represented 
as A={a$, wherein a Y} represents a pixel within the image A 

[0031] Referring back to Figure 1, the original image 11 is a digital image which can be obtained from an image 
55 capturing device. Known technologies are used to obtain the original image 1 1 . For example, the original image 1 1 can 
be produced by a scanner or a digital camera, and is directed to be displayed by a display (e.g., CRT, LCD, or flat 
panel display). Alternatively the original image 11 may be directed to be printed by a printer. 

[0032] The user interface 15 of Figure 1 is displayed on a display (not shown). The display that displays the user 
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interface 1 5 can be a computer display, The user interface 15 is an interactive interface that allows the user to mark 
or define an area within the displayed original image 11 (e.g., the marked areas 31 and 32 in Figure 3) that contains 
a red eye or red pupil. The user interface 1 5 also allows the user to activate the red-eye reduction system 1 0 by placing 
a cursor on an icon displayed on the user interface 15 using a mouse or other cursor control device and then clicking 
s on the signal button of the mouse or the cursor control device to activate the red-eye reduction system 10. Figure 2 
shows the structure of the user interface 15 which will be described in more detail below. 

[0033] As can be seen from Figure 2, the user interface 15 includes a tool bar or menu bar area 21 that includes an 
icon 23 for activating the red-eye reduction system 10 of Figure 1 . The user interface 15 also includes a display area 
22 within which the original image 11 is displayed. The user interface 15 also includes a cursor 24 that allows the user 
10 to interact with the user interface 15 through a mouse or other cursor control device (not shown). The cursor 24 also 
allows the user to define the marked area (e.g., the marked area 31 or 32) of the image 11 displayed. Once the red- 
eye reduction system 10 is activated through the icon 23, the red-eye reduction system 10 reduces or minimizes the 
red eye contained in the marked area. The user interface 15 can be implemented using any known user interactive 
interface technology. 

is [0034] Referring back to Figure 1, the color image A of the marked area (e.g. : the marked area 31 or 32) of the 
original image 11 is then applied to the masking module 16 of the red-eye reduction system 10. The masking module 
1 6 is used to read the color image A of the marked area and then convert the color image pixel data into a binarv mask, 
which is represented as B={bjj}, wherein b i} represents the mask value fyyfor a pixel (i, j) within the binarv mask B. 
Because the mask B is a binary mask, each of the pixels {b f j\ is thus either a "white" pixel or a "black" pixel. This 

20 indicates that the binary mask B can be of the same size as the marked area A of the original image 1 1 . Alternatively 
the size of the binary mask B is smaller than the marked area A. The binary mask B is used to identify all the red pixels 
in the marked area A, and therefore is used for the pupil locating module 17 to identify the size and location of the red 
pupil within the marked area A. 

[0035] The binary mask B includes first state areas or regions that indicate red color pixels in the marked area of the 
25 image 1 1 and second state areas or regions that indicate pixels having colors other than red. The first state areas can 
be represented by, for example, "white" (i.e., the highest grey scale value) pixels and the second state areas represented 
by "black" (i.e., the lowest grey scale value) pixels. When the grey scale value is represented by an eight-bit data, the 
highest grey scale value is 255 and the lowest grey scale value is zero. Figure 4 shows the converted binary mask 44 
of a marked area similar to the area 31 of the original image 11 from the masking module 16 ; as well as the process 
30 of creating the binary mask 44 by the masking module 1 6, which will be described in more detail below. 

[0036] As can be seen from Figure 4, the color image A in the marked area 31 of Figure 3 is formed by a red image 
41 a, a green image 41 b, and a blue image 41 c. The conversion process of the masking module 1 6 generally includes 
three steps. First, the masking module 16 converts the images 41a-41c into a luminance-chrominance representation 
(i.e.. images 42a-42c). This is done using known techniques. The chrominance information 42b-42c is then used to 
35 calculate a threshold value Tbetween the first state and the second state. Any known threshold determining technique 
can be used to calculate the threshold T. As is known, a large variety of threshold determining techniques have been 
devised for image segmentation to distinguish the image foreground from the background or to identify objects in the 
image. 

[0037] The threshold value Tis then applied to each image pixel of the color image A in the marked area 31 to create 
40 the binary mask 44. The masking module 16 can then reduce the size of the binary mask 44 to eliminate areas that 
are unnecessary and extra for the red-eye reduction within the binary mask 44. This makes the binary mask 44 to only 
include the red pupil and a predetermined peripheral of the red pupil. Alternatively, this step can be performed before 
the masking module 16 converts the image of the marked area 31 into the binary mask 44. 

[0038] In one embodiment, a nonstandard luminance-chrominance representation is employed for the luminance- 
45 chrominance representation. In this case, the chrominance infonnation includes a red-green chrominance Cr and a 
blue-yellow chrominance Cb. Alternatively other types of luminance-chrominance representation can be used. For 
example, the luminance-chrominance representation can be a standard luminance-chrominance representation. 
[0039] As can be seen from Figure 4, the image 42a shows the luminance representation, the image 42b shows the 
chrominance Cr representation and the image 42c shows the chrominance Cb representation. The masking module 
so 16 uses a non-linear power function followed by an RGB-to-YCrCb conversion matrix to convert the images 41a-41c 
into the images 42a-42c. The transformation is implemented using known technology. 

[0040] The RGB represents red, blue, and green color information. Y represents the luminance information and Cr 
and Cb represent the chrominance information. Before the matrixing operation, the masking module 16 raises each 
of the RGB values of the image data A of the marked area 31 to the 1/3 power. Since the original RGB data is assumed 
55 to have already been gamma-corrected, this gives an effective gamma of about 6.6 to the image data. The purpose 
of the 1/3 power mapping is to increase the separation between red and non-red pixels. 
[0041] In one embodiment, the threshold value Tis computed by the following equation: 
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wherein Cr avg represents the average chrominance Cr value. Cr max and Cr min represent the maximum and minimum 
s chrominance Cr values, respectively. The average value, the maximum value, and the minimum value are all computed 
from the image data A of the marked area 31 . Here, the variables Cr and Cb refer to the two chrominance components 
in the nonstandard luminance=chrominance space. The chrominance component Or S j for a pixel (i, j) in the marked 
area 31 is then compared with the threshold value T. If the sum is greater than the threshold value T, the mask value 
by, for that pixel (i, j) is one (i.e.. white). This means that the color of the pixel (i. j) is red. Otherwise, the mask value 
10 of the pixel (i,j) is zero (i.e.. black). This results in the binary mask 44 ; as shown in Figure 4. 

[0042] Once the binary mask 44 is constructed, the masking module 1 6 can use a neighborhood calculation to elim- 
inate isolated red pixels and fill in isolated non-red pixels in the mask 44. Alternatively, the masking module 16 does 
not perform this step and the pupil locating module 17 performs this step. The neighborhood calculation can be ex- 
pressed as 

15 

ba-l.if'l J Ib km >2 

k=i-l m=j-I 

20 

else, bj j = 0 

[0043] Figure 5 shows the process of converting the image A of the marked area of the original image 11 into the 
binary mask B by the masking module 1 6 of Figure 1 . As can be seen from Figure 5, the process starts at the step 50. 
At the step 51 , the masking module 16 receives the color image data /4from the user interface 15. At the step 52, the 

25 masking module 16 uses the RGB-to-YCrCb conversion to convert the color image of the marked area A into the 
luminance-chrominance representation (e.g., the images 42a-42c). Then the masking module 16 uses the chrominance 
information from the luminance-chrominance representation to compute the threshold value at the step 53. At the step 
14, the masking module 16 constructs the binary mask B (e.g., the binary mask 44) by comparing each image pixel of 
the marked area A with the threshold value. The process then ends at the step 55. 

30 [0044] Referring back to Figure 1 , the binary mask Sf rom the masking module 1 6 is then applied to the pupil locating 
module 17. The pupil locating module 17 processes the binary mask Sto locate the red pupil in the image A The pupil 
locating module 1 7 does this by locating a largest "white" area in the binary mask B. This means we assume that the 
largest white area in the binary mask B is the red pupil. The pupil locating module 17 then generates a modified binary 
mask P= /p^from the binary mask B. The modified binary mask P indicates the location of the red pupil in the mask, 

35 The modified binary mask Pis sent to the color replacing module 18. The modified binarv mask Pcan be a "cleaned 
up" version of the binary mask B. This means that all other white areas in the binary mask B are converted to black 
areas as they have nothing to do with the red pupil. Alternatively, the pupil locating module 1 7 only determines the size 
and location of the red pupil in the binary mask Band does not modify the binary mask B. In this case, the modified 
binary mask P is only the binary mask B with location and size information of the red pupil in the mask. 

40 [0045] In one embodiment, the pupil locating module 17 employs an exhaustive search and block-matching estima- 
tion scheme to locate the largest area in the binary mask Sthat best matches a white circular area. This exhaustive 
search scheme searches the entire binary mask B for the largest substantially white area. The exhaustive search 
scheme will be described in more detail below, also in conjunction with Figures 6-7. Alternatively, other schemes may 
be employed by the pupil locating module 1 7 to locate the red pupil in the binary mask B. For example, the pupil locating 

45 module 17 may employ a tree-search or logarithmic search scheme to locate the red pupil. Moreover, the pupil locating 
module 17 may apply a Hough transform scheme to locate the red pupil in the binary mask B. Using this scheme, the 
pupil locating module 17 first detects the outlines or boundaries of the white regions in the binary mask B. Then the 
pupil locating module 17 uses the Hough transform to detect the presence of a circle among the white regions. The 
above described schemes are all known schemes and can readily be realized by software programs. 

50 [0046] The operation of the pupil locating module 17 is now described in more detail below, also in conjunction with 
Figures 6-9. Suppose that the binary mask B received in the pupil locating module 1 7 is a wX h binary mask 60 (shown 
in Figure 6). In this mask 60, the pixel at the upper left corner is marked as the pixel (0, 0) and the pixel at the lower 
right corner is marked as the pixel (w-l, h-f). The mask 60 contains several white areas (i.e., white areas 61a through 
61 g). To locate the largest white area (i.e. . the area 61 a) in the binary mask 60 that resembles a pupil, the pupil locating 

55 module 17 uses a block-matching estimation scheme to determine whether a largest white area in the binary mask 60 
better matches the characteristics of a pupil model under a given criterion. As is known, a pupil typically has a circular 
shape. Thus, a possible pupil model pm can be represented as [r 7 x, y], wherein r is the radius of the circle and [x, y) 
denote the position of the center of the circle. To simplify the computation, a square pupil model can be used. The 



5 



EP0 911 759 A2 



square pupil model has parameters is. {s, x, y}, wherein s denotes the width of the square and (x, y) denote the position 
of the left upper corner. The block-matching estimation scheme is a known scheme, and therefore will not be described 
in more detail. 

[0047] Using the exhaustive search scheme, the pupil locating module 17 locates the largest white area in the mask 
s 60 that resembles the pupil model in accordance with the following routine. 

[0048] Let s =min(n/ ? h), M = -(s 2 ), xand y denote the upper left corner of a square white area. Then perform the 
following: 

10 do { 

M old = M 

for v = 0 to v = h-s 

15 

X = 0 to -T = w-s 



Find the s * s white area with the maximum number of 

white pixels «. 
M = 2 * n - s 1 
ifM>M oU1 

then make the white area as the best pupil model. 

5 = 5- 1 



} while M > M oM . 

35 

This can be shown to yield the best match in the maximum likelihood sense. 

[0049] Once the pupil locating module 17 determines the square parameters {s, x, y] of the largest white area, the 
circular parameters {r, x, y] of that area can then be determined. This can be seen from Figure 7. which shows the 
square 62 located by the pupil locating module 17 within the white area 61a of the mask 60. As can be seen from 
40 Figure 7, when the parameters {s-,, x 1; y,,} of the square 62 are determined, the circular parameters of the white area 
61a can be given as {r, x Q , y 0 ,}, wherein r represents the radius and x 0 and y 0 denote the center of the circle. In this 
case, r is equal to s 1 / \2, x 0 is equal to x 1 + s-,/2, and y 0 is equal to y, + s-,/2. Alternatively, rcan be made to equal to 
s-| 12. Figure 8 shows a modified binary mask 80 generated by the pupil locating module 17 from the binary mask 44 
of Figure 4. 

45 [0050] Figure 9 shows the main steps of the pupil locating module 17 to locate the location and size of the red pupil 
in the binary mask B. As can be seen from Figure 9, the process starts at the step 90. At the step 91 , the pupil locating 
module 1 7 receives the binary mask Bfrom the masking module 1 6. At the step 92, the pupil locating module 1 7 locates 
the location of the red pupil in the mask by locating the largest "white" area in the mask B. At the step 93, the pupil 
locating module 17 outputs the modified binarv mask P where only the white pixels of the area found in the step 92 

50 remain white. The remaining pixels in the binary mask Pare changed to black. The process ends at the step 94. 

[0051] Referring back to Figure 1, the color replacing module 18 is used to replace the red color pixels within the 
white area that resembles a pupil in the modified binary mask P into monochrome (grey) or other predefined colors. 
The binary mask Phas a substantially white area which is determined by the pupil locating module 17 as the red pupil. 
This area may include a black island (see Figure 8) that indicates the glint of the eye. The color replacing module 18 

55 only replaces colors of the pixels for which the mask value p,j=1. In this way, the glint of the pupil is maintained (the 
glint is a bright spot in the pupil). The glint is shown in the binary mask Sor Pas a "black" island surrounded by white 
pixels. In one embodiment, the color data is changed so the chrominance values of all the "white" pixels become zero. 
In addition, the color replacing module 18 also changes the luminance value of all pixels within the white area by a 
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predetermined factor value. In one embodiment, this factor value is approximately 0.8. 

[0052] In addition, because a red pupil typically has a pink colored region or ring outside the red pupil, it is desirable 
to change the color of those pink pixels to maintain a natural appearance of the eye after the color of these red pupil 
pixels has been changed. However, because the color of these pink color pixels is not red enough, they are not con- 
s verted into the "white" pixels by the masking module 16 in the binary mask B. Thus, the color replacing module 18 
needs to "grow" the white area in the modified binary mask P in order to cover these pink color pixels. This is also 
referred to as boundary adjustment. 

[0053] To accomplish the boundary adjustment, the color replacing module 18 analyzes the color of all adjacent 
pixels in the image A that are outside the white area in the modified binarv mask P, but each of which has at least one 

10 neighboring pixel within the white area. The color replacing module 1 8 analyzes the color of adjacent pixels to determine 
if their color is sufficiently close to red. This closeness indicates a deviation in perceived redness. The color replacing 
module 18 does this by comparing the color value of an adjacent pixel with the median red value r med o\ all the pixels 
within the white area of the binary mask P. The color of the adjacent pixel is also compared with the difference of the 
median red value r med and the median green value g me( jO\ all the pixels within the white area By using the median 

is values r med ar\6 g mec j, the glint information within the white area is effectively avoided so long as the glint pixels do not 
dominate the white area. Alternatively, average red and green values can be used instead of median values. 
[0054] In one embodiment and as a measure of perceived change in redness, two quantities are used for the com- 
parison. One is the percent deviation of the red value of the adjacent pixel a l} with respect to the median red value r med , 
which is denoted r[ r jj. Thus, t|^ = \f ai j - r me J /r me d x r a/ y indicates the red value ofthe adjacent pixel a,y The other 

20 quantity is the percent deviation in red-green d fference ; which is denoted as r\ r ~ 9 jj. Thus, if we define A rg - = \r ai j - <? a/ J 
and A rgm = \ r med - 9 me< \ , then r^yis equal to A rg » - A^/a' 9 " 77 X 100%. When both r^-and r^y-are below certain 
predetermined threshold values, the color of the adjacent pixel a,y. is determined to be sufficient close to red and the 
pixel be included in the white area. 

[0055] In one embodiment, the threshold value TH r for is approximately thirty and the threshold value TH^for 
25 r[ r -9 f j is approximately forty. Alternatively, different threshold values can be employed for the two measurements. 

[0056] As all the adjacent pixels to the white area are analyzed the results are stored in a second mask P. A value 
p'ij= I indicates that the pixel a,y should be included in the white area of P, while a zero value means it should not. After 
the mask P is constnicted, the two binary mask areas Pand P are merged to form a new version of P. This process 
can be repeated N times, wherein N is a predetermined number (e.g., 5). The value of N dictates how far the white 
30 area of Pcan grow in attempting to make it conform to the actual shape of red pixels within the red pupil. The region 
growing process of the color replacing module 18 is expressed in pseudo-code as: initialize all p)j= 0 



35 



40 



50 
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for (k = 0;k<N;k++){ 

for - (all pixels o (/ bordering {/> (> } = 1){ 
compute r) r (> ; 
Compute r\ rs i/, 
If ((rft < TH r ) AND (Tf-*, < TH,V 
45 p 'ij = 1 ; 



for (all ij) 

p 9 = p 9 ORp' v ; 
} wherein the OR is a binary operator. 



[0057] Figure 10 shows the process of the color replacing module 18. As can be seen from Figure 10. the process 
starts at the step 100. The step 101 is an initialization step at which the variable n is set to one and the mask P'is set 
to zero. At the step 102, n is compared with the predetermined number N. If n is greater than N, then the step 111 is 
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performed. Otherwise, the step 103 is performed at which n \s incremented. At the step 104, the color replacing module 
18 receives one pixel p,y from the mask P Then the step 105 is performed to determine if the pixel is a "black" pixel (i. 
e., Pjj= 0). If not, the step 109 is performed. If the answer is positive, then the color replacing module 18 checks if any 
neighboring pixel of the pixel is a "white" pixel in the mask P at the step 106. If not, the step 109 is the next step. 
5 Otherwise, the step 107 is performed to determine if the color of the pixel a,y is sufficiently red. If not, the step 109 is 
the next step. Otherwise, the color replacing module 18 grows the white area in the modified mask P by marking the 
pixel p' y yas a "white" pixel at the step 108. 

[0058] At the step 109, the color replacing module 18 determines if all pixels within the mask P have been checked. 
If not, then the step 104 is repeated. If so, the step 110 is the next step at which the masks Pand P'are merged by a 

10 binary OR operation into a newer version of P. The process then returns to the step 102. 

[0059] If, at the step 102, it is determined that n is greater than N, the step 111 is performed at which the color 
replacing module 18 receives one pixel p^from the newer version of P. Then the step 112 is performed to determine 
if the pixel is a "white" pixel (i.e., p V} - 1). If not, the step 114 is performed. If the answer is positive, then the color 
replacing module 18 changes the color of the pixel to monochrome (grey) or other predefined colors at the step 113. 

is in one embodiment, this is done by changing the luminance and chrominance values of the pixel. The luminance value 
can be changed, for example, by a 0.8 factor and the chrominance values can be set to zero. Then the step 114 is 
performed at which the color replacing module 18 detennines if all of the pixels within the newer version of P have 
been checked. If so, the process ends at the step 115. If no, the step 111 is repeated. 

[0060] The disclosures in United States patent application no. 08/956,380, from which this application claims priority, 
20 and in the abstract accompanying this application are incorporated herein by reference. 



Claims 

25 1. A red-eye reduction system, comprising: 

(A) a masking module (16) operable to convert an image (11 ) into a mask having first state areas representing 
red colour pixels and second state areas representing other colour pixels, wherein the image (11) includes an 
eye with a red pupil; 

30 (B) a pupil locating module (17) coupled to the masking module (16) operable to locate a substantially first 

state area in the mask that resembles a pupil; 

(C) a colour replacing module (18) coupled to the pupil locating module (17) operable to change the red colour 
pixels in the area into a predetermined colours wherein the colour replacing module (18) is also operable to 
adjust boundary of the area by changing the colours of pixels in close proximity to the area to the predetermined 
35 colour if the colour of these pixels is determined to be sufficiently close to red. 

2. A red-eye reduction system as in claim 1 , wherein the pupil locating module (17) is operable to detect if the sub- 
stantially first state area resembles a pupil by determining if the substantially first state area is a substantially 
largest first state area within the mask, wherein after determining that the substantially first state area resembles 

40 a pupil, the pupil locating module (17) is operable to modify the mask by changing all other first state areas in the 

mask into second state such that the modified mask only has the substantially first state area. 

3. A red-eye reduction system as in claim 1, wherein the substantially first state area includes a second state area 
within the first state area, wherein the second state area represents the glint in the pupil, wherein the predetermined 

45 colour is a zero chrominance, wherein the colour replacing module (18) is operable to change the luminance value 

of all pixels within the substantially first state area by a predetermined factor. 

4. A red-eye reduction system as in any one of claims 1 to 3. wherein the masking module (1 6) is operable to convert 
the image into the mask by first raising red-green-blue values of the image to a predetermined power and then to 

so perform a standard luminance-chrominance conversion. 

5. A red-eye reduction system as in any one of claims 1 to 4, wherein the colour replacing module (18) is operable 
to determine if the colour of the adjacent pixel is sufficiently close to red by comparing the colour value of the 
adjacent pixel with (i) a median red value and (ii) a median green value of all the red colour pixels within the 

55 substantially first state area. 

6. A red-eye reduction system as in any one of claims 1 to 5, wherein the adjacent pixel is a pixel that has at least 
one neighbouring pixel in the substantially first state area. 
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7. A method of reducing red-eye effect in a digital image (11), comprising: 

(A) converting an image (11 ) having an eye with a red pupil into a mask having first state areas representing 
red colour pixels of the image and second state areas representing other colour pixels of the image; 

(B) processing the mask to locate a substantially first state area in the mask that resembles a pupil; 

(C) changing the red colour pixels in the area into a predetermined colour with boundary adjustments such 
that the colour of pixels in close proximity to the area is also changed to the predetermined colour if the colour 
of these pixels is determined to be sufficiently close to red. 

8. A method as in claim 7. wherein the step (B) comprises the steps of: 

(I) determining if the substantially first state area is a largest substantially first state area in the mask; 

(II) determining if the substantially first state area is substantially circular; 

(III) modifying the mask by changing all other first state areas in the mask into second state such that the 
modified mask only has the substantially first state area. 

9. A method as in claim 7 or 8, wherein the step (C) comprises the steps of: 

(a) changing the colour of the red colour pixels within the substantially first state area to the predetermined 
colour by setting the chrominance of the red colour pixels to zero; 

(b) changing the luminance value of all pixels within the substantially first state area by a predetermined factor. 

10. A method as in claim 9, wherein the step (A) comprises the steps of: 

(a) raising red-green-blue values of the image to a predetermined power: 

(b) performing a standard luminance-chrominance conversion; 

(c) creating the mask. 
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RECEIVE THE COLOR IMAGE 
DATA FROM USER INTERFACE 
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CONVERT THE COLOR IMAGE DATA INTO A 
LUMINANCE-CHROMINANCE REPRESENTATION 
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COMPUTE A THRESHOLD VALUE 
FOR THE BINARY MASK BASED ON 
CHROMINANCE STATISTICS OF THE 
COLOR IMAGE DATA 
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CONSTRUCT THE BINARY MASK 

BASED ON THE LUMINANCE-CHROMINANCE 

REPRESENTATION 
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Figure 5 
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Figure 6 
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BINARY MASK 

Figure 8 
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RECEIVE THE BINARY MASK DATA 
FROM THE MASKING MODULE 
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LOCATE THE AREA IN THE BINARY MASK 
WITH HIGHEST CONCENTRATION OF 'WHITE- 
PIXELS 



OUTPUT A NEW BINARY MASK 
WHEREIN ONLY THE POSITION OF 
THE RED-EYE IS DEFINED WITH 
"WHITE' PIXELS 



END 
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Figure 9 
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Figure 10 
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